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RADIAL VARIATION IN MICROFIBRIL ANGLE OF SUPER 
AND COMMON TEAK WOOD
Krisdianto 1
ABSTRACT
6GCMYQQF 
Tectona grandis .H KU CYGNNMPQYPCPFTGNCVKXGN[ UNQYITQYKPI
hardwood species and popularly used as furniture and construction timber. Recently 
fast growing teak has been introduced which is named as super teak, as opposed to the 
existing common teak. The quality of super teak however, is being questioned and 
UWURGEVGFVQDGPQVCUIQQFCUEQOOQPVGCM/KETQſDTKNCPINGKUQPGRCTCOGVGTQHVKODGT
SWCNKV[+VTGRTGUGPVUVJGCPINGDGVYGGPOKETQſDTKNUCPFYQQFſDGTCZKUYJGPVJG[CTG
KPEQTRQTCVGFKPCJGNKECNHCUJKQPVQHQTOſDGTUVTWEVWTG6JGCPINGYCUOGCUWTGFHTQO
VJGQTKGPVCVKQPQHNQPICZKUQHGNQPICVGFRKVUſDGT6JGOGCPCPINGQHEQOOQPVGCM
was 22.05°, which is narrower than that of super teak of the same age, which was about 
u)GPGVKEHCEVQTKUUWURGEVGFVQDGVJGUQWTEGHQTCPINGFKHHGTGPEGU+PTGNCVKQPVQ
wood stability during drying, it was predicted that common teak timber was more stable 
than that of super teak timber in  the same age. In radial direction, the mean angle of 
both super and common teak declined from inner to intermediate and outer wood. The 
VGPFGPE[HQTOKETQſDTKNCPINGUVQDGJKIJGTKPVJGEGPVGTQHVJGNQIJCUUQOGKORQTVCPV
implications for wood processing and tree improvement. 
-G[YQTFU 9QQFSWCNKV[YQQFUVCDKNKV[ſDGTVTGGKORTQXGOGPV
I.  INTRODUCTION
6GCM
Tectona grandis.HKUCRQRWNCTVTQRKECNJCTFYQQFURGEKGUDGNQPIKPI
to the family of Verbenaceae. Teak timber is easy to process and suitable for 
EQPUVTWEVKQPUFWGVQKVUUGEQPFENCUUUVTGPIVJCPFſTUVVQUGEQPFENCUUPCVWTCN
FWTCDKNKV[
5GPI+VKUWUGFHQTQWVFQQTCPFKPFQQTHWTPKVWTGDQCVFGEMU
and other purposes where weather resistance is desired. In addition, it is also 
very resistant to the attack of termites.   In the past, when teak was plenty, 
teak was used extensively in Asian countries such as Indonesia, Thailand, The 
Philippine and India for doors and window frames, furniture and columns as 
YGNNCUDGCOU0QYCFC[UWRRGTSWCNKV[VGCMVKODGT
RTQFWEGFHTQOOCVWTG
VTGGUHGVEJGUCXGT[IQQFRTKEGNKOKVKPIKVUWUGUQPN[HQTVJGJKIJGPFRTQFWEVU
Teak trees that are grown conventionally from seedling grows slowly with a 
rotation up to 45 to 60 years. Recently, a faster growing teak which is popularly 
1 (QTGUV2TQFWEVU4GUGCTEJCPF&GXGNQROGPV%GPVGT,N)WPWPI$CVW0Q$QIQT
+PFQPGUKC'OCKNMTKUFKCPVQ"FGRJWVIQKF
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labelled  as ’super teak’ was introduced.  The plant material of this ’fast-growing’ 
teak is produced using tissue culture technology.  Super teak is  claimed to grow 
ŌVKOGUOQTGTCRKFVJCPEQOOQPVGCM
$CEJTKJGPEGUJQTVGPKPIVJG
rotation to merely 15-20 years. However, many suspect  that teak timber from 
fast-growing or shorter-rotation trees is not as strong, durable and stable as that 
from old common long-rotation trees. It might be more prone to splitting and 
water damage. 
#UUEKGPVKſECNN[DCUGFKPHQTOCVKQPCDQWVVKODGTSWCNKV[QHUWRGTVGCMJCU
PQV[GVCXCKNCDNGCTGUGCTEJVQQDVCKP VJG KPHQTOCVKQP KUPGEGUUCT[1PGQH
RCTCOGVGTUHQTOGCUWTKPIYQQFSWCNKV[KUVJGOKETQſDTKNCPING/KETQſDTKNKU
the smallest component of cell wall structure about   3 – 4 nm in diameter and 
EQPUKUVKPIQHCITQWRQHEGNNWNQUGOQNGEWNGU
RTQVQſDTKNUWTTQWPFGFD[CUJGCVJ
QHJGOKEGNNWNQUG
-GTTCPF)QTKPIin.KOCet al., 6JGOKETQſDTKN
CPING KUFGſPGFCUVJGCPINGVJCVOKETQſDTKNUOCMGYKVJVJGYQQFſDGTCZKU
YJGPVJG[CTGKPEQTRQTCVGFVQHQTOſDGTUVTWEVWTG
5VWCTVCPF'XCPU
)GPGTCNN[VJGQTKGPVCVKQPQHVJGOKETQſDTKNKP5
2
 layer in angiosperms ranges 
about 5° to 20°, whereas the comparable range for gymnosperms is from about 
uVQu
$Q[F
The microfibril angle of the S2 layer represents an important ultra-
OKETQUEQRKECN HGCVWTG KPƀWGPEKPI VJGRGTHQTOCPEGQHYQQFRTQFWEVU(QT
example, the angle has a major effect on the stability of wood on drying and 
HQNNQYKPIUWDUGSWGPVOCPWHCEVWTKPIRTQEGUUGU 
<QDGNCPF$WKLVGPGP
Both the longitudinal tensile strength and stiffness of wood have been shown 
VQDGOCTMGFN[CHHGEVGFD[OKETQſDTKNCPINGCUVJGCPINGKPETGCUGUUQVGPUKNG
UVTGPIVJCPFUVKHHPGUUSWKEMN[FGETGCUG.QPIEGNNUYKVJNQYOKETQſDTKNCPINGU
TGUWNVKPOQTGUVCDNGCPFUVTQPIGTDQCTFU6JGKPEKFGPEGQHJKIJOKETQſDTKNCPING
is one reason explaining juvenile wood of loblolly pine is weak and somewhat 
WPUVCDNG
2GCTUQPCPF)KNOQTG#NVJQWIJQVJGTOGEJCPKECNRTQRGTVKGU
CRRGCTVQDGQPN[UNKIJVN[CHHGEVGFD[OKETQſDTKNCPING
&GUEJCPF&KPYQQFKG
VJGTGFQGUCRRGCTVQDGUWHſEKGPVXCTKCVKQPKPOKETQſDTKNCPINGDGVYGGP
VTGGUVQLWUVKH[UGNGEVKQPQHVTGGKORTQXGOGPV
%CXGCPF9CNMGT
$Q[F
TGRQTVGFVJCVNQPIKVWFKPCNUJTKPMCIGKPETGCUGURTQITGUUKXGN[CU
VJGſDGTOQTRJQNQI[EJCPIGUHTQOVJGOGCPTGRTGUGPVCVKXGQHPQTOCNYQQF
CPFCRRTQCEJGUVJCVQHTGCEVKQPYQQFYKVJVJGCDUGPEGQHCVJKEMNKIPKſGF5
NC[GTCPFNCTIGOKETQſDTKNCPINGKPVJG5
#PWODGTQHOGVJQFUWUGFVQGUVKOCVGOKETQſDTKNCPINGJCXGDGGPUVWFKGF
#HGYCWVJQTUJCXGWUGFRKVUCRGTVWTGVQGUVKOCVGOKETQſDTKNCPINGKPUQHVYQQF

9GNNYQQF&QPCNFUQPCUYGNNCUJCTFYQQF 
5VWTVCPF'XCPU
5VWCTVCPF'XCPU
ECNKDTCVGFOKETQſDTKNCPINGQHEucalyptus 
nitens measured from elongated cell wall and calibrated them using x-ray 
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diffractions. There was a good linear correlations exists between pit angle and 
x-ray diffraction parameter for E. nitens.
6JGOCKPQDLGEVKXGQHVJKUYQTMYCUVQUVWF[VJGXCTKCVKQPQHOKETQſDTKN
CPINGKPVJG5NC[GTQHVJGNKDTKHQTOſDGTUQHŎUWRGTCPFEQOOQPVGCMŏQHVJG
same age obtained from in Penajam, East Kalimantan. The angles were measured 
HTQOſDGTRKVCRGTVWTGCUKVKUFGOQPUVTCVGFD[5VWCTVCPF'XCPU

II. MATERIALS AND METHODS
A. Sampling Site
The wood samples used in this study were collected from seven-years-old 
UWRGTCPFEQOOQPVGCMRNCPVCVKQPUKP2GPCLCO26+6%+-CTVKMC7VCOC'CUV
Kalimantan. Discs were taken from each three trees of both super and common 
teaks. The discs were taken about 1.3 meter above the ground. In one tree, disc 
of about 5 cm thick was taken from the bottom, middle and top of the tree. In 
GXGT[FKUEUCORNGUYGTGVCMGPHTQOVJTGGNQECVKQPUPCOGN[KPPGT
PGCTRKVJ
KPVGTOGFKCVGCPFQWVGT
PGCTDCTMRCTVQHVJGFKUE
Both kind of teak trees were planted in the same site in August 1998. In 
IGPGTCNVJGVQRQITCRJ[QHVJGUKVGKUOQUVN[JKNN[YKVJNGUUƀCVNCPFCTGC6JG
altitude of the side is about 80 m above sea level and the soil contains yellow-
reddish podsolic soil.
     Super teak   Common teak 
Figure 1. Super and common teak in the experimental site
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B. /KETQſDTKN/GCUWTGOGPV
/KETQſDTKNCPINGUYGTGOGCUWTGFHTQOOCEGTCVGFUCORNGUCRTQEGFWTGQH
OCEGTCVKQPYCUGZRNCKPGFD[6GUQTQ 
6GCMYQQFRKEMU KPUK\GQHO
ZOOZOOYGTGJGCVGFUNQYN[CVŌu%KPVJGOKZQHEQPEGPVTCVGF
nitric acid and hydrogen peroxide in ratio of 1:1. The heating took about 12 
hours to produce adequately macerated material on a satisfactorily separation 
QHYQQFſDGTU
2JQVQUQHUGNGEVGFRKVYGTGVCMGPHTQOUKPINGſDGTWUKPIZQDLGEVKXGNGPU
QHVJGEQPXGPVKQPCNOKETQUEQRG2KVUXGT[ENQUGVQVJGQWVGTGFIGQHVJGſDGT
were omitted as their measured angle may be affected by the collapsed edge. 
6JGFKTGEVKQPQH VJGſDGTCZKUCV VJGRQUKVKQPQH VJGRKVCNQPIVJGſDGTYCU
GUVKOCVGFD[CNKIPKPIVJGſDGTCZKUYKVJVJGQEWNCTETQUUJCKTUCPFTGEQTFKPIC
reading on the vernier. This was used as the reference direction. The stage was 
rotated until the long axis of the pit was aligned with the ocular cross-hairs and 
another vernier reading recorded. The difference between the two angles was 
ECNEWNCVGFCUVJGRKVCPING
(KIWTG
b c
d
a
Figure 2. 5KPINGOCEGTCVGFVGCMſDGT
0QVGCGNQPICVGFRKVDTGHGTGPEGFKTGEVKQPENQPICZKUQHRKVFRKV
angle
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C. 2CTCOGVGTUCPF8CTKCDNGU+PXGUVKICVGF
6JTGGRCTCOGVGTUQHVGCMOKETQſDTKNCPINGYGTGKPXGUVKICVGFVGCMURGEKGU
tree variation and radial depth. Teak species variables studied include super and 
EQOOQPVGCMYJKNGVTGGXCTKCVKQPUVWFKGFKPENWFGſTUVUGEQPFCPFVJKTFVTGG
Variable of radial depth includes inner, intermediate and outer sides. Thirty 
TGRNKECVGUYGTGOGCUWTGFHTQOOCEGTCVGFUCORNGUWUKPICVQVCNQHſDGTU
measured.
III. RESULTS AND DISCUSSION
6JGOKETQſDTKNCPINGOGCUWTGFKPVJKUUVWF[KUVJGCXGTCIGCPINGYKVJKPVJG
complete cell wall, comprising primary and secondary wall with its S1, S2 and 
5NC[GTUGCEJJCXKPIFKHHGTGPVRTGFQOKPCPVCTTCPIGOGPVUQHOKETQſDTKNU#U
the S2 layer comprises the largest proportion of the wall, the measured angle is 
ENQUGVQVJCVKPVJKUNC[GT+PVJKUYQTMVJGCPINGUYGTGOGCUWTGFCVVJGſDGT
OKFRQKPVCNVJQWIJVJGCPINGEJCPIGUCNQPIVJGNGPIVJQHVJGſDGT
.KOCet al., 
+PEQPKHGTUCNCTIGTOKETQHTKDTKNCPINGKUQDUGTXGFKPTCFKCNYCNNUYJGTG
OKETQſDTKNUHQTOYJQTNUCTQWPFVJGDQTFGTGFRKVUYJKEJCTGRTGFQOKPCPVN[
HQWPFJGTGTCVJGTQPVCPIGPVKCNYCNNU 
/G[NCP*QYGXGT5VWCTVCPF
'XCPU
RQKPVGFQWVVJCVHQTEucalyptus, which is broad leaved, it is unlikely 
VJCVRKVCRGTVWTGUKPſDGTVTCEJGKFUYQWNFJCXGCPQVKEGCDNGKPƀWGPEGQPVJG
OCIPKVWFGQH VJGOKETQſDTKNCPING UKPEGſDGTVTCEJGKFU KP VJGYQQFQH VJKU
genus have smaller and far fewer pits and are only marginally more numerous 
on radial walls than on tangential walls. Even so, it should be noted that the 
OGVJQFWUGFJGTGHCXQWTGFOGCUWTGOGPVQPVJGVCPIGPVKCNHCEGQHVJGſDGT
4CFKCNXCTKCVKQP
KPPGTKPVGTOGFKCVGYQQFCPFQWVGTYQQFQHOKETQſDTKN
angle of 7-years teak wood is shown in Table 1.
Journal of Forestry Research Vol. 5 No. 2, 2008: 
130
125 - 134
Table 1. 4CFKCNXCTKCVKQPQHOKETQſDTKNCPING 
FGITGGUQH[GCTU UWRGTCPF
common teak wood
Species
Radial position
Inner Intermediate 1WVGT Mean
Super teak – 1 25.2 22.3 21.1 22.9±2.57
Super teak – 2 26.1 22.7 21.5 23.5±2.64
Super teak – 3 25.5 23.0 22.1 23.5±2.57
Mean 25.6 22.7 21.6
Total mean 23.29±2.61
%QOOQPVGCMŌ 24.0 21.2 20.5 21.9±2.39
%QOOQPVGCMŌ 25.2 21.0 19.5 21.9± 2.89
%QOOQPVGCMŌ 25.5 22.0 19.5 22.3±3.01
Mean 24.9 21.4 19.8
Total mean 22.05±2.78
)GPGTCNN[VJGOGCPOKETQſDTKNCPINGQHEQOOQPVGCMKUNQYGTVJCPVJCV
of super teak. The angle mean of common teak is 22.05°, while that of super 
teak is 23.29°. The paired sample t-test between common and super teak showed 
VJCVVJGCPINGQHOKETQſDTKNOGCUWTGFKUUKIPKſECPVN[FKHHGTGPV6JGTGCTGVYQ
HCEVQTU VJCVOC[ KPFWEGOKETQſDTKNCPINGPCOGN[IGPGVKECPFGPXKTQPOGPV

0CMCFCet al., )GPGVKEHCEVQTUQHUWRGTCPFEQOOQPVGCMOC[UVTQPIN[
affect the angle differences, while environmental factors may be eliminated as 
teak tree samples were taken from the same site. Super teak plantation is mostly 
FGXGNQRGFHTQORNWUVGCMVTGGKPEGTVKſGFUGGFQTEJCTFKP,CXCYJKNGEQOOQP
teak plantation is commonly developed from seeds that may not be necessarily 
produced by a plus-teak tree. 
In relation to wood stability during drying, it is predicted that common 
teak timber is more stable than that of common teak timber on the same age. 
As common teak has narrower angle than common teak, both the longitudinal 
tensile strength and stiffness of super teak may be higher than super teak on 
VJGUCOGCIG6JKURTGFKEVKQPKUDCUGFQPVJGHCEVVJCVVJGNQYGTVJGOKETQſDTKN
CPINGUVJGOQTGUVCDNGCPFUVTQPIGTVJGDQCTFKU
2GCTUQPCPF)KNOQTG
In radial direction, the angle declines from inner to intermediate and outer 
wood. In super teak, the angle mean of inner discs are 25.6° and it decreases to 
22.7° in intermediate wood and 21.6° in outer wood. These represent an overall 
reduction from inner position to the outer of about 18.5 % in super teak discs. 
6JKUVGPFGPE[CNUQQEEWTUQPEQOOQPVGCMCUVJGPCTTQYGUVCPINGYCUHQWPF
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in outer part of the disc. The mean angle of the inner disc is 24.9°. The angles 
FGETGCUGD[CDQWVVQYCTFKPVGTOGFKCVGCPFQWVGTFKUEU
uCPFu
TGURGEVKXGN[6JGTGUWNVUQHVJGCPCN[UKUQHXCTKCPEGQHVJGOKETQſDTKNCPINGCTG
shown in Table 2.
Table 2. #PCN[UKUQHXCTKCPEGQHOKETQſDTKN CPINGQH[GCTUQNF UWRGTCPF
common teak
Source df Sum of Squares Mean Square F P
Intercept 1 277,489.869 277,489.869 80,653.787 
Teak 1 205.967 205.967 59.865 
Tree 2 28.084 14.042 4.081 
Radial 2 1,962.718 981.359 285.237 
VGCMVTGG 2 8.727 4.364 1.268 ns
VGCMTCFKCN 2 24.983 12.492 3.631 
VTGGTCFKCN 4 32.505 8.126 2.362 ns
VGCMVTGGTCFKCN 4 39.271 9.818 2.854 
Error 522 1,795.944 3.441
Total 540 281,588.07
Remarks 2<2<PUPQVUKIPKſECPV
2 
#UUJQYPKP6CDNGVJGTGCTGUKIPKſECPVFKHHGTGPEGUKPOKETQſDTKNCPING
DGVYGGPUWRGTCPFEQOOQPVGCMCUYGNNCUDGVYGGPVTGGUCORNGU
2<+P
TCFKCNRQUKVKQPVJGTGKUCNUQUKIPKſECPVFKHHGTGPEGUDGVYGGPKPPGTKPVGTOGFKCVG
CPFQWVGTRQUKVKQP
2 9JKNGVJGKPVGTCEVKQPUDGVYGGPVGCMCPFUCORNG
VTGGUCUYGNNCUTCFKCNRQUKVKQPCPFVTGGKUPQVUVTQPIN[UKIPKſECPV
6JGU[UVGOCVKEVGPFGPE[HQTFGETGCUKPIOKETQſDTKNCPINGHTQORKVJVQDCTM
YCUCNUQKFGPVKſGFD[XCTKQWUCWVJQTU/QUVTGUWNVUTGRQTVGFCTGHQTEQPKHGTU
which grow relatively slow in temperate regions and have a large numbers 
QHITQYVJTKPIU KPEQOOGTEKCN UK\GF NQIU 
&QPCNFUQP%CXGCPF
9CNMGT*QYGXGTCOQTGFGVCKNGFGZCOKPCVKQPQHVJGTGUWNVUQHVJGUG
TGUGCTEJGUUJQYUVJCV HTQOQPGECODKCNCIG VQVJGPGZV 
HTQORKVJVQDCTM
VJGOKETQſDTKNCPINGECPFGETGCUGUVCDKNKUGQTGXGPKPETGCUGFGRGPFKPIQPVJG
URGEKGU6JGU[UVGOCVKERCVVGTPUQHOKETQſDTKNCPINGKPTCFKCNRQUKVKQPQHVGCMCTG
UKOKNCTVQVJGYQTMTGRQTVGFD[.KOCet al. 
QPUQOGEuclayptus species. 
.KOCet al. 
TGRQTVGFVJCVKPTCFKCNRCVVGTPQHUQOGEucalyptus species, the 
angles are larger in the inner and decrease toward periphery.   
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6JGVGPFGPE[HQTOKETQſDTKNCPINGUVQDGJKIJGTKPVJGEGPVGTQHVJGNQIJCU
some important implications for processing and tree improvement. Normally 
VJGEGPVTCN TGIKQPQH VJG NQI KU C ETKVKECN\QPG UKPEG KV EQPUKUVUQH LWXGPKNG
YQQFYJKEJJCUJKIJRGTEGPVCIGQHUJTKPMCIGCPFUYGNNKPI9KFGTOKETQſDTKN
CPINGKPVJGTGIKQPQHVJGLWXGPKNGYQQF
KPPGTYQQFUKIPKſECPVN[KPETGCUGF
longitudinal shrinkage and distortion of kiln dried lumber cut from trees with 
CNCTIGLWXGPKNGEQTG
/GITCY&WTKPIUCYKPIRTQEGUUVJGEGPVTCNTGIKQP
should be avoided as it reduces the log quality. However, seven years old teak 
tree contains mostly juvenile wood as the stem is still in growing condition. 
In term of tree improvement, the research efforts should be concentrated 
QPTGFWEKPIOKETQſDTKNCPINGKPVJGKPPGTTGIKQP5KPEGVJGKPPGTYQQFCVVJG
DCUGQHVJGUVGOKUVJGſTUVHQTOGFKPVJGVTGGKVKURQUUKDNGVJCVUGNGEVKQPQH
stock producing ’prime’ material could be made early in the life of the trees. 
IV. CONCLUSION
1. 6JGOGCPOKETQſDTKNCPINGQHEQOOQPVGCMKUPCTTQYGTVJCPVJCVQHUWRGT
teak of the same age. In relation to wood stability during drying, it is 
predicted that common teak timber is more stable than that of super teak 
timber of the same age. As common teak has narrower angle than super 
teak, both the longitudinal tensile strength and stiffness of common teak 
may be higher than that of super teak of  the same age.
2. )GPGVKE HCEVQTUCTGEQPUKFGTGFVJGUVTQPIGUV UQWTEGUQHOKETQſDTKNCPING
differences between super and common teak.
3. In radial direction, the mean angle of super and common teak decline from 
KPPGTVQYCTFKPVGTOGFKCVGCPFQWVGTYQQF6JGVGPFGPE[HQTOKETQſDTKN
angles to be higher in the center of the log has some important implications 
for wood processing and tree improvement.
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